Abstract-Risk management is crucial for successful construction project management. Effective risk assessment can improve construction enterprises' competitiveness and profitability to a great extent. And the information of previous projects is a very precious resource and reference for construction project risk management. In order to facilitate project participants to query required information of previous projects among numerous project documents efficiently, this paper introduces ontology as the modeling approach for information exchange and puts forward a semantic retrieval method based on this ontology for construction project risk management. At first, this paper introduces the procedure of constructing risk domain ontology by means of seven footwork modeling method, then the methods of construction projects' document processing and querying sentences' expansion are presented. Finally, this paper put forward a semantic retrieval system based on construction project risk domain ontology which can correlate the ontology conceptual knowledge and the documents' content. Experimental results suggest that the proposed ontology-based semantic retrieval method can improve information's semantic expression ability and realize the intellectualization of construction project risk management.
I. INTRODUCTION
Risk management is a formal process of identifying, analyzing and responding to risk events systematically throughout the lifecycle of a project to obtain an acceptable degree of risk elimination or control [1] . Due to the indefinite and ambiguous external and internal environment of construction project, risk management is a difficult task. Although every project is unique, experiences of past projects still play a significant role in managing new projects. These experiences can accelerate the construction process and minimize construction cost through experiences' reusing and sharing among engineers and participants. A couple of reference frameworks and models have been developed to provide systemic methods for construction project risk management [2, 3] . It's obvious that the successful applications of these frameworks depend on the riskrelated information (such as likelihood of risk, potential impact, risk allocation between the parties etc.) fed into the frameworks. The successful applications of risk models depend on the identified risk factors, the relation between these risk factors and the risk propagation mode. One of the main drawbacks of these reference frameworks and risk models is lacking a universal vocabulary. Learning from past projects can contribute significantly to the creation of realistic risk scenarios and the development of reliable risk model so as to manage risks successfully. Thus this paper introduces ontology as the modeling approach for risk-related information exchange of construction project.
The concept of ontology stems from philosophy domain and focuses on the abstract expression of objective reality. Ontology's application in other fields derives from Artificial Intelligence (AI) domain. Among various definitions of ontology, Gruber (1993) [4] from Stanford University put forward the definition of ontology in the field of AI, namely "Ontology is an explicit specification of conceptualization", which is quoted most. Later Borst Pim (1997) [5] supplemented the definition from his point of view, "Ontology is a formal specification of a shared conceptualization". Studer etc. (1998) [6] made a further research on the above two definitions, and in his opinion, ontology is a formal, explicit specification of a shared conceptualization and contains four key features: conceptualization, explication, formalization and share [7] .
The purpose of utilizing ontology is to access relevant domain knowledge, provide common understanding of domain knowledge, confirm common recognized terms of a domain and provide clear definition of the terms and relationship between these terms from different levels of the formal model [8] , [9] . In recent years, the importance of ontology in cooperative work has been realized widely, and research related to ontology and semantic retrieval increases rapidly.
F. Staub-French et al. (2003) [10] presented an ontology which was constructed for relating building product models to construction activities and related construction resources in order to calculate construction cost. Compared with traditional tools, this proposed ontology enabled estimators to make construction cost estimates more completely and consistently. O. Ugwu et al. (2005) [11] developed an ontological model for constructability assessment of steel structures. C. Lima et al. (2005) [12] presented e-Cognos project, and it is an ontology-based portal for construction knowledge management. The study of A. Aksamija and F. Grobler (2007) [13] focused on developing an ontology which described the principles of building design and the relationships between them. Q. Li (2011) [14] introduced an ontology to construction project document management process, constructed a contract domain ontology of construction project and analyzed the interaction between BIM model object data and the ontology-based database. H. Wang et al. (2011) [15] constructed an ontology for civil aviation emergency decision and implemented an ontology based rules reasoning by using protégé and Jena, his research provided method and technology for the knowledge management and application of civil aviation emergency decision. X. L. Liu (2012) [16] constructed an education domain ontology in his master's thesis and discussed the semantic retrieval method through researching and assessing the constructed ontology. L. Yang (2012) [17] constructed a paddy rice domain ontology in his master's thesis and realized the ontology based information retrieval system so as to improve the precision of word retrieval in paddy rice domain.
These research laid foundation for ontology based semantic retrieval, but it's not enough for risk management of construction project. Due to the lack of universal vocabulary and invalidity of retrieving information from concept level, therefore, based on the above research, this paper proposes an ontology based semantic retrieval system to facilitate construction project risk management.
II. DEVELOPMENT OF RISK DOMAIN ONTOLOGY FOR CONSTRUCTION PROJECT
Firstly, this paper constructs an ontology which can be used as the foundation of construction projects' risk events database. This ontology includes risk sources, risk events and risk consequences. The purpose for constructing risk domain ontology is to provide a unified risk-related concept set through illustrating concepts and the relationships between them. This ontology can be utilized, shared and reused by people and computers and lay a solid foundation for semantic retrieval. Then this paper introduces methods for construction projects' document processing and querying sentences' expansion. Finally, this paper develops a semantic retrieval system based on construction project risk domain ontology so as to make users' query about risk-related questions more targeted and improve the efficiency of construction project risk management in a great extent.
Ontology development includes five main steps: standardization (determination of scope), conceptualization (collection and organization of the relevant domain concepts to be included in ontology), formalization (knowledge representation in a formal way), implementation (converting the formalized knowledge into a machine-comprehensible ontology language) and evaluation (validating the completeness and the generality of the ontology). Fig. 1 demonstrates the process of ontology development and the activities supported by each step [18] . Due to the diversity of risk results, such as low-quality, cost overrun and lower customer satisfaction, it's a longterm process of accumulation to construct an ontology which can support all risk management tasks for construction project. This paper only constructs an ontology aiming at the risk of cost overrun. The related knowledge of construction projects risks about cost overrun is presented by detailed literature review, so the standardization stage is achieved and an original model containing several concepts is developed. Then relevant experts of construction project risk management are asked to give suggestions about these concepts and the mutual relationship among them, and some concepts are restated and regrouped based on experts' suggestions. For example, it is found that a country's inflation rate, tax rate and exchange rate play important roles on economic environment by summarizing related literatures. However, through communicating with experts, it is realized that the stability of them is much more important than the aforementioned values. Therefore, these parameters are grouped in the same title "adverse change".
In conceptualization phase, in order to improve data structure, various concepts are organized into a hierarchical form, which is called classification criterion. In one model, classification criterion presents the classification of elements and lays a foundation for reuse and tasks integration. This stage is one of the most difficult activities in ontology design process, which not only includes the objective presentation of the world, but also describes the views of people to the world and the classification of these things. Fig. 2 shows a hierarchical graph of ontology for construction project risk management about cost overrun [2] . In the formalization stage, a complete ontology which is suitable for current circumstances is generated step by step through using a progressive development method. A standard ontology is completed eventually by clarifying concepts, concepts' attributes, the restricted condition of these attributes and the relationship between these concepts. Formalized knowledge is transformed into framework based representation of protégé. Protégé is a free and open platform developed by Stanford Medical Informatics and Knowledge System Library in Java environment. Compared with other systems, protégé has some obvious advantages, such as graphical user interface, supporting input and output format of RDF, UML, OWL etc. and free downloading etc. [19] . OWL refers to web ontology language, which is developed by World Wide Web Consortium (W3C), and this language is used for describing ontology. Protégé 4.2 is adopted to construct risk domain ontology in this paper. Fig. 3 and Fig. 4 show the risk domain ontology and the partial OWL source code of this ontology respectively.
In the implementation stage, classes, their slots, the facets, instances and relationship between classes become part of the software presented.
Finally, in the evaluation stage, the completeness level, the universality level and the effectiveness level are tested to validate the developed ontology. These measurement standards are confirmed at last through interactive seminar and interview with experts.
III. SEMANTIC RETRIEVAL BASED ON CONSTRUCTION
PROJECT RISK DOMAIN ONTOLOGY To implement semantic retrieval based on construction project risk domain ontology, several sequential steps, i.e., segmentation, eigenvalue extraction and weight calculation, query expansion, similarity calculation, need to be finished.
A. Segmentation Processing
In this section, related construction document is processed by text segmentation. Currently, there are some word processing softwares. ICLCLAS [20] is adopted to deal with the documents in this paper. ICTCLAS is developed by Chinese Academy of Sciences, and it supports identifying new words, marking the part of speech, and using user dictionary, etc. As ICLCLAS handles word segmentation according to the common vocabulary, the proprietary vocabulary in the domain of construction project risk management cannot be accurately extracted. So this paper inputes the constructed construction project risk domain ontology into the common vocabulary in order to achieve a more accurate word segmentation processing result.
B. Eigenvalue Extraction and Weight Calculation
After related construction document is processed by ICLCLAS, the adverbs, conjunctions, adjectives and other parts of speech of words which can't express the document content very well are filtered out, and the rest are mainly the verbs and the nouns. Next, this paper uses the TF-IDF [21] algorithm to calculate the document frequency of the verbs and the nouns. The more frequent a word is appeared in a document, the more relevant it is to the topic of the document. In this process, t) (d, w is defined as the weight of a term t in document d , N represents the total number of documents, and n illustrates the number of documents which contain the terms t . And the standard TF-IDF formula and IDF formula are as follows [21] :
Weight of the terms in document can be calculated by this formula. As any document covers many terms, a threshold can be set according to the need. The term whose weight is lower than the threshold can be filtered out. It's assumed that a query is composed of two terms, 1 t and 2 t , and the normalized weights associated with 1 t 
C. Query Expansion
Query expansion refers to expand the user's query term to form a longer query vector to obtain more accurate query result. In the process of querying the questions about construction project risk, it's a common problem that query terms are too short so as to lead to the ambiguity of query problem and more redundant documents which affect query efficiency. This paper introduces logical reasoning and ontology knowledge to expand query terms. If query term is a concept of the constructed ontology, the methods of synonym expansion and generalization extension can be used to expand query, then the semantic similarity of obtained terms and query terms can be calculated, and the terms with higher similarity are chosen as the last extension terms that constitute the query vector [22] .
If the query term is not a concept of the ontology, the expansion term can be extracted according to the context analysis method presented by D. Fensel etc. (1998) [23] . Generally, if the context situation of two terms is similar, these two terms are related with each other to some extent. Therefore, in case the context situation of a certain concept in the ontology and query term is similar, the concept must have close relationship with the query term, and can be used as the final expansion term. To sum up, the final query vector consists of the query term and the expansion term.
D. Similarity Calculation
There are two methods, i.e., distance formula algorithm and cosine formula algorithm, which can be used to calculate the similarity between query vector and text vector.
Let N represents the collection of all eigenvectors, i p and i q represent the vector component of text vector p and q in the dimension of i , d represents the distance between the query vector and text vector, the distance formula for similarity calculation is as follows [21] :
Assuming query vector is X and eigenvector of construction project document is Y , the similarity between these two vectors can be calculated as follows [21] :
The similarity between user's query vector and the construction documents eigenvector can be calculated accurately by this formula. Documents with lower similarity can be filtered out by predefined similarity threshold, and the most suitable documents can be retrieved and the retrieval efficiency can be improved. Fig. 5 shows the risk domain ontology based retrieval system for construction project risk management.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
To verify the developed ontology-based semantic retrieval method for risk management of construction project, query expansion and semantic similarity calculation and ranking experiments are conducted in this paper. Let the query statement is represented as follows: Q: "unexpected events" (C1). Because the query term, "unexpected events", is one of the concepts in risk ontology, query can be generalized to expansion by the constructed ontology. The resulted terms after generalization are "risk concepts" (C2), "risk source" (C3), "risk event" (C4), "decreasing productivity" (C5) and "adverse change" (C6).
The semantic similarity can be calculated between the query term, C1, and the terms, C2 -C6, respectively based on the definition and formulas (5) . Then the resulted terms, C2 -C6, can be ranked based on the similarity extent and the terms with bigger semantic similarity are selected as the expansion terms [24] .
To explain the formula (5) clearly, two definitions are given as follow. Definition 1. For two concepts C1 and C2 in a same ontology, if C1 ⊃ C2, then C1 is the concept super of C2; if C1 ⊂ C2, then C1 is the l concept lower of C2.
Definition 2. The concept super set ( CS ) of concept C includes concept C and all its concept supers. Because CS contains concept C at least, CS ≠ ∅ . The semantic similarity of two concepts i C and j C in one ontology O can be represented as (
The following results can be calculated by the above formula.
( ) So the order of semantic similarity between term in ontology and query terms is as follows:
So the terms with the biggest and smallest semantic similarity to "unexpected events" are "risk source" and "decreasing productivity" respectively. If the predefined threshold is 0.5, the three terms, "risk event", "risk concepts", "decreasing productivity", can be filtered out because their semantic similarities are lower than 0.5. At last, "risk source" and "adverse change" are selected as query expansion terms to construct query vector.
B. Semantic Similarity Calculation and Ranking
According to the expansion result of query term "unexpected events" in the previous section, "risk source" and "adverse change" are chosen as the expansion terms which form the query vector. Then the similarity between query vector and text vector can be calculated before and after the query expansion, and the similarity order can be determined. The query statement, Q1 and Q2, and documents, D1, D2, D3, D4, D5, D6 and D7 are as follows:
Q1: "unexpected events" Q2: "unexpected events", "risk source", "adverse changes" D1: Both unexpected events and adverse changes are the risk source of a project.
D2: Unexpected events would greatly affect a construction project's cost.
D3: In the construction process of a project, there are lots of unexpected risks.
D4: The risk sources of a construction project can result in risk events in some cases.
D5: During the construction phase of a project, many unexpected changes can occur.
D6: In the lifecycle of a project, unexpected wars and riots are part of the unexpected events that can affect the cost of a project.
D7: Adverse changes in tax rate can cause some risk events during a project's lifecycle. Table I . shows the IDF value and term weight of every eigenvalue of seven documents. The similarity calculation results between the query vectors and document vectors are shown in Table II It can be concluded from the above results that when "unexpected events" is used as the only query term, document D1, D2 and D6 are selected as relevant documents. While after the query term is expanded, document D2 and D6 with lower similarity are filtered out and only document D1 is selected as the final reference information to meet the requirement of user better. So it's verified that the semantic retrieval method based on risk domain ontology can improve the retrieval accuracy and efficiency for construction project risk management. 2 
IV. CONCLUSION
Risk management is crucial for successful construction project management. This paper provides an ontologybased semantic retrieval method to facilitate utilizing previous projects' experience for risk management of construction project. Firstly, this paper constructs an ontology for risk management of construction project. This ontology provides a general vocabulary of project risk domain. The vocabulary forms a main frame for risk management information model, and constructs the basic structure of risk event history database. Then on the basis of the risk domain ontology, this paper introduces the semantic retrieval method and proposes a systematic method based on ontology semantic retrieval for construction project risk management. Finally, experimental results verify that this method can improve the accuracy and efficiency of user's retrieval to a significant extent, thus realize high efficient usage of past project experience for project participants to improve construction project risk management. However, the scope of this construction project risk domain ontology is only focused on the risks of cost overrun, and other possible project objectives, such as quality, duration, and customer satisfaction etc., are not covered by the ontology. In the following study, the authors intend to study domain ontology related to other risks, and support the construction project risk management more comprehensively.
